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FIGURE 3- Selected spectra-brass, unstressed. 
Electrochemical Noise Measurements-
Spectral Density Curves 
Figure 3 gives the unstressed specimen's spectral curves. 
The curves tend to merge at higher frequencies of 10 and 100 
mHz.. Figure 4 shows the stressed specimen curves. In most 
cases, the times that a macroscopic crack was observed cor-
respond to the highest noise amplitude at low frequency. For 
example, the highest noise amplitude occurred at time record 
7 (1 80 min) at the lower frequency and at time record 10 (270 
min from the start of the experiment) at higher frequencies. 
The crack first became discernible when these times were ob-
served. For all specimens tested, the first time record is 
always observed to have one of the highest noise amplitudes 
at low frequency, and always the highest at the higher fre-
J quency ranges. 
All of the spectra took the form of a low frequency plateau 
with a roll~off at increased frequency. The curves' noise volt-
age densities (amplitude) decreased with an increase of fre-
quency. Some peaks were indicated in the spectra. The source 
of the electrochemical noise Is assumed to be metal dissolu-
tion and repasslvation transients resulting from the exposure 
of fresh metal surface, following the rupture of the passive 
film on the brass. 
Standard Deviation (Spectrum) vs Time Curves 
The standard deviation (spectrum)<5l vs time curves for the 
unstressed specimen (Figure 5) showed no particular trend. 
For the stressed specimen - 209 MPa (Figure 5), the highest 
peaks occurred at 180 and 270 min, respectively, from the start 
of the experiment and correspond to the· times that 
<5>rhe standard deviation (spectrum) is one of the results ob-
tained from the computer analysis of the data from the time 
domain. It is essentially the average noise power within a 
spectrum and can be shown as the area under a particular 
spectral curve in the plot of noise voltage density (ainplitude)l 
frequency. 
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FIGURE 4·- Selected spectra-brass, stress 209 MPa. 
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FIGURE 5- Standard deviation vs time-brass, stress 
209 MPa and unstressed. 
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FIGURE 8 - Ruptured crack tarnish fUm of the brass 
specimen-20 min tn solution. (Time record 2.) 
FIGURE 7- Brass specimen observed cracks-240 min 
in solution. (Time record 8.) 
macroscopic cracks were observed on the specimen's surface. 
This observation is also in agreement with the spectral density 
curves in which the curves that show the highest noise voltage 
density (amplitude) at the lower frequency range in the plot are 
given by the times of 180 min (time record 7) and 270 min (time 
record 10) respectively {however, this correlation is expected 
since the standard deviation (spectrum) bears a direct relation-
ship with the spectral density curve as expressed in footnote 
(5)). 
SEM Micrographs 
Within 20 min, the rupture of the black tarnish film on the 
specimen's surface was observed in solution (Figure 6). The 
micrographs showed that pitting occurred on the specimen 
surface within 1 h of its immersion in the Mattsson's solution. 
A crack was observed on the specimen's surface as at 4 h 
(time record 8) of the specimen in solution, and the cracks ap-
parently started from the pits (Figure 7). The micrographs also 
show that more than one crack was formed and all tended to 
originate from corrosion pits on the specimen surface (Figures 
8 and 9). 
Figure 10 shows the fractured surface of the alpha-brass 
specimen which indicates intergranular failure, a character-
istic of sec. 
Discussion 
Various mechanisms for the SCC of alpha-brass in am-
moniacal cupric sulfate solution have been proposed. The 
main theories fall into three groups: 
1. Those Involving a continuous electrochemical dlssolu· 
tion8 which proceeds rapidly along susceptible paths. 
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FIGURE 8 - Observed crack propagation and pits 
linkage; brass. 
FIGURE 9- Brass specimen, observed crack propaga-
tion and pits linkage at higher magnification. 
FIGURE 10- Fractured surface of the alpha brass alloy 
specimen (showing intergranular failure). 
2. Those in which the electrochemical stage alternates 
with a mechanical propagation of the crack through metal that 
is locally embrittled by chemical means or of dislocation pile-
up.9 
3. Those involving a film rupture mechanism.1°·11 The 
results obtained in this work may be related to one or more of 
the above mechanisms. 
Generally, the corroding specimens follow a trend of high 
noise amplitude at the beginning as Indicated, particularly by 
the curves of the spectral density and the standard deviation/ 
time (Figures 4 and 5). This observation may be associated 
with the growth of black tarnish film. The high amplitude was 
followed immediately by a period of low noise amplitude or 
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decrease of standard deviation wUh >time, wh ich .may be assoc-
iated with passivity. A change in electrochemical noise is fur-
ther indicated by an incr~ase of .noise amplitude or rise of 
standard deviation which may be associated with film break-
down and the onset of pitting by specimen dissolution. Further 
low noise amplitude or low· standard deviation were observed, 
which may correlate with repass illation by the "black tarnished 
film, but the overall trend remains upward. A very high aoise 
amplitude or standard dev.iation peak o.btained for the 
stressed specimens (Figures 4 and .5) when the cracks first ap-
peared constitutes one of the major differences between the 
unstressed and stressed ·specimens. 
The unstressed alpha-brass specimen shows spectra, as 
denoted by the time record numbers, that are inversely propor-
tional to the frequency. The noise amplitudes are very dis-
tinguishable only at the very lowf.r£!quency and the noise spec-
tral density tends to increase without limit as the' frequency 
decreases. These c.haracter:i.stics mdicate a low frequency 
noise and are typical of 111 or f/i~er noise.12. 13 
The highest noise amplitudes recorded for tlme record 1 
to 3 (Figure 3) with roll-off slopes of -19, -18, and -19 
decibel (dti)/decade respectively., may be associated with the 
formation of the black tarnish fi.lm identified as Cu2Q11,l<4. The 
formation of Cu20 is thought to result from the preferential 
dissolution of Zn atoms accompanied by the oxidation of the 
remaining enriched copper layers to Cu20; the oxidation to 
Cu20 is believed15 to involve soJJd state diffusion processes. In 
contrast, the formation of the black tarnish, Cu20, is also 
thought by Vermilyea to result from the "dissolution of the 
whole alloy followed by precipitation of Cu20 18• Whichever 
mechanism Is correct, diffusion and dissolution of an elec-
trode have been identified as sources of noiseY The diffusion 
fluxes of reaction species at the electrode/bulk solution inter-
face may contribute to the noise generated at the interface. 
The randomness of the diffusion phenomenon of a corroding 
metal may be explained in terms of the collisions between ions 
of the diffusing species, and/or ions of the diffusing species 
with solvent molecules, under the influence of the concentra-
tion gradient. Also, complete alloy dissolution followed by 
precipitation of Cu20 may cause the generation of noise 
resulting in high noise amplitudes. This behavior is possibly 
caused by surface inhomogeneity resulting from the metal 
dissolution, and the randomness of the precipitation reactions 
which might have contributed to the potential fluctuations. 
The highest noise amplitudes, as given above, seem to in-
dicate tile degree of corrosion process on the specimen. 
The time records 4 to 6 have increasing noise amplitude 
with a single sharp peak at the higher frequencies of 100 mHz. 
This increasing noise amplitude may correspond to the occur-
rence of pittlng;7•1B.19 however, the sharp peak Is still difficult 
to explain. Though this has been associated with crevice at-
tack, 18 it is subject to further verification. The roll-off slopes 
have changed substantially to -36, -38 and - 40 db/decade 
respectively. The increased surface inhomogeneity, chemical 
reactivity and the randomness of diffusing fluxes possibly 
contributed to the increased potential fluctuations of the pit-
ting processes and hence the increasing noise amplitude re-
corded. 
A further increase in noise amplitude was recorded at 
time record 7 with a roll-off slope of -38 db/decade. This 
change in the noise behavior may be associated with further 
pitting. 
The stressed specimen shows similar characteristics as 
unstressed specimens discussed above in respect to spectral 
density curves' shapes. The spectrum is inversely proportional 
to the frequency or some power or frequency. This is charac-
teristic of low frequency noise as observed and hence 1/f or 
flicker noise. The major change or difference when compared 
with the unstressed specimens is that the noise amplitudes 
are generally further apart from time records 2 and 3 for un-
stressed specimen. A possible explanation for this difference 
caused by the noise behavior changes may be that higher 
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noise was generated from more corroding actions such as film 
rupture and crack growth by dissolution. Secondly, the forma-
tion of the black tarnish film, Cu20 , appears faster as in-
dicated by time record 2 (Figure 4), which has the lowest noise 
amplitude. 
As with the unstressed specimen, the spectrum for time · 
record 1 with a roll-off slope of -14 db/decade is presumably! 
related to the formation of the Cu20 film by solid state dlffu-t 
sion or dissolution-precipitation. The spectral density curve, 
time record 2 with a roll-off slope of -32 db/decade, may be 
associated with further partial and temporary passivation of 
the Cu20 film because at this stage, the chemical reactivity or 
the anOdic and cathOdic processes would have been reduced 
from the .tarnished film which probably cau ed a partially tem-
porary passivation of the specimen's surface. The passivation 
could be partially temporary since the tarnished film is porous 
and not strongly adherent. The assumed reduction in anOdic 
and cathodic processes, chemical reactivity and diffusion 
processes could have caused less potential fluctuations and 
hence reduced noise amplitude. 
Increased noise amplitudes as indicated by the time 
records 3, 4 and 5 of the spectral density curves with roll-off 
slopes of - 39, -39 and -50 db/decade respectively, were ob-
tained (Figure 4). These Increasing noise amplitudes which 
give sharper slopes than time records 1 and 2 presented 
above, may relate to a process of film-breakdown and probably 
with the onset of pitting. The roil-off slopes here can be com-
pared with similar corrosion process In the unstressed 
specimen discussed above. A further decrease In noise ampli-
tude at time record 8 with less steep roll-off slope of - 26 
db/decade indicates a change In noise behavior from the up-
ward trend: this change may be associated with a repasslva-
tion process resulting from a probable reduction in the anOdic 
processes, diffusion processes, and chemical reactions which 
could lead to a reduction in potential fluctuations. The spec-
tral density curve at time record 9 gives a low noise amplitude 
at the low frequency but with a single sharp peak af -5 
mHz and at 100 mHz. As stated earller,18 it Is difficult to 
characterize the single sharp peak with crevice corrosion In 
this work since crevice corrosion has been observed in 
association with pitting. 
It seems very difficult to separate the roll-off slopes of the 
spectral density curves presumably associated with film rup-
ture from that of pitting and/or crack growth by dissolution. 
However, the trend seems to be that the pitting corrosion pro-
cesses could be Indicated by the increasing negative or 
sharper roll-off slopes and higher noise amplitudes. The noise 
amplitude at time record 10 (270 min) with a roll-off slope of 
- 25 db/decade was the observed time that the crack first ap-
peared. Also, the noise amplitude at time record 7 (180 min) 
could indicate a crack since the observation of the specimen's 
surface showed that more than one crack occurred. The noise 
generated here could be associated with crack formation and 
growth. The highest noise amplitude and less sharp roll-off 
slope here might result from the bare metal created by crack, 
which In contact with the bulk solution gives a short but in-
tense anOdic reaction of metal dissolution, which results In 
noise. The peaks and deflections of the standard deviation 
(spectrum)/tlme curves, generally correspond with the spectral 
density curves and could be used, as Indicated earlier in this 
section, to interpret and discuss the above results. 
Combined with plastic replication processes, the problem 
of reproducing the results of the electrochemical noise meas-
urements was created by the repeated withdrawal and Immer-
sion of the test electrode in and out of the test solution. This 
might result from the air film created by the oxygen of the air, 
the impurity created by acetone solvent and the plastic repli-
cating material itself. These combined results might have af-
fected the sensitivity of the readings taken and hence some Ir-
regularities. The observations of the formation of the black tar-
nish film oxide (Cu20), the occurrence of film break-down, pit-
ting, and cracking through the pits linkage as given in the 
/ 
.. 
micrographs and as related to the changes ln the electroctlem-
ical noise behaviors appear consi-stent with film-rupture 
mechanism. 
Conclusion 
1. Electrochemical noise measurement technique can be 
used to monitor sec processes of the aipha-brass alloy. 
2. The source of the electrochemical noise is believed to 
be the repassivatlon transients resulting flom the exposure of 
fresh metal surface following rupture of the passive film on the 
brass, and fresh surface exposed by the cracking. 
3. Cracks in alpha-brass in Mattsson's solution are inter-
granular at pH 7.2, further confirming the results obtained by 
other various works. · 
4. Specimen cracking gave the highest noise amplitudes 
in most cases; the cracking failure is also indicated by the 
highest standard deviation peaks. · 
5. The initial high noise amplitudes and standard devia-
tion observed in time record 1 for all the alpha-brass speci-
mens may result from the growth process of the black tarn-
Ished film, Cu20. 
6. All the noise amplitudes generally increase with 
decreasing frequency and the power spectral density is in-
versely proportional to some power of the frequency thus indi-
cating 1 If or flicker noise. 
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